Introduction
Coordination polymers derived from 5-substituted isophthalic acids have been shown to exhibit interesting gated gas sorption, 1 catalytic, 2 magnetic properties, 3 as well as structural flexibility. 4 One of the challenges to be faced in preparing coordination frameworks targeted toward a specific application is that the ability to accurately predict the exact way in which the metal centre and the ligand will be arranged within the framework is still lacking, even if both ligand and metal centre adopt the expected binding and coordination modes. 5 In certain systems, changes in reaction conditions, including temperature 6 and solvent system, 7 have been shown to generate frameworks of different topologies, and in some cases of differing dimensionalities. One example is the similarity in the preparation of HKUST-1 and STAM-1, both of which involve reaction of copper nitrate and trimesic acid (H 3 btc) in aqueous alcohol, and both of which afford a coordination framework in which the benzene tricarboxylate ligands and Cu II centres form copper acetate lantern synthons. HKUST-1 is commonly prepared using a water-ethanol mixture, and all three of the carboxylate groups of the btc 3− ligand are involved in the copper acetate lantern formation giving rise to a three-dimensional framework of twisted boracite topology. 8 The use of methanol in the synthesis of STAM-1, however, results in the formation of the mono-methyl ester of btc, which acts as a two-connecting ligand within the two-dimensional Kagome lattice of STAM-1. 1a Within the last decade, interest has been growing in the use of porous materials (zeolites, 9 coordination polymers 1a,10 and polyoxometallates 11 ) to store and deliver biologically active gases, such as nitric oxide (NO). Nitric oxide is of interest due to its in vivo roles in wound healing and preventing thrombosis formation, as well as its antibacterial properties. 12 Introducing exogenous NO into the body by means of a porous delivery framework allows the release of the NO to be targeted to a specific and localised area, as opposed to the systemic exposure that occurs when solution (NO from glyceryl trinitrate) or gas phase (NO from a cylinder) delivery is used.
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Given the similarity of isophthalic acid to the common MOF ligands terephthalic acid and trimesic acid, simple 5-substituted isophthalic acids (such as the commercially available 5-methyl, 14 bromo, 15 and tert-butyl, 16 or readily synthesised 5-alkoxy 17 or 5-alkylamino 18 derivatives) have been used in only a modest number of structural investigations in the absence of a bridging co-ligand. When non-coordinating substituents are used at the 5-position, the relative orientation of the carboxylic acid groups and the 5-substituent give this family of ligands a hydrophilic 'side' which can bind to metal centres, and a second side whose polarity and steric bulk may be tuned without directly influencing the binding mode of the isophthalate moiety.
Herein we report the synthesis and structure determinations of four coordination polymers prepared by reaction of zinc acetate and 5-methoxy isophthalic acid (I) under solvothermal conditions. Under most conditions, a mixture of products is formed, from which we were able to identify four different coordination polymers. Preliminary nitric oxide release data are reported for compounds 2 -Zn 6 (MeOip) 4.5 
Results and discussion

Structural investigations
Compounds 1-4 were prepared solvothermally by reaction of Zn(OAc) 2 ·2H 2 O and H 2 MeOip in water or aqueous alcohols (methanol, ethanol and isopropanol) . Details of crystal structure determinations may be found in the Experimental section and in ESI. † Reactions in isopropanol afforded compound 4 as a phase pure product, however, reactions in water, aqueous methanol and aqueous ethanol gave a range of products, of which three coordination polymers in addition to compound 4 could be identified crystallographically. Powder X-ray diffraction experiments show that the pattern produced by these crystalline products vary from reaction to reaction. Fortuitously, during the series of repeat syntheses, compounds 1 and 2 were each prepared once as a phase pure product from reactions in water and aqueous methanol, respectively. Subsequent reactions in aqueous methanol or ethanol afforded compound 2 that was contaminated with other products, whilst every subsequent reaction in water afforded compound 3 either as a pure solid or with contamination of compound 1. Reliable syntheses of compounds 1 and 2 remain elusive, despite attempts to control the products by varying the alcohol to water ratio (for the methanol syntheses) or the reaction time (for water syntheses (Fig. 1) . Two of these acetate groups are symmetry-related and belong to methoxy isophthalate ligands whilst the remaining one belongs to an acetate mono-anion (Fig. 1) . The apical coordination sites on the Zn dimers are occupied by monodentate carboxylate groups from MeOip ligands. The non-coordinating oxygen atom of the monodentate carboxylate groups are protonated 50% of the time, and participate in short hydrogen bonds (O⋯O separation 2.435(3) Å) to symmetry-related oxygen atoms on parallel chains. The short oxygen-oxygen distance in these hydrogen bonds is the result of the proton being 'shared' between the two carboxylate groups.
Chains of 1 extend parallel to the [1 0 1] direction. Each 'ring' within the chain contains two co-planar MeOip ligands that are related by a two-fold axis that passes through the centre of the 'ring'. Parallel chains are connected by the short hydrogen bonds into layers that extend in the ac-plane. Within a given sheet, the MeOip ligands are aligned such that offset face-to-face π-interactions can occur between the central rings and the bridging carboxylate group (close contact C⋯C separation ∼3.3 Å). The methyl groups of the acetate anion project above and below the plane of the hydrogen-bonded sheets. These methyl groups are directed toward the Zn dimers, where there appear to be weak C-H⋯O hydrogen bonds between the acetate methyl group and the μ 2 -MeOip carboxylate groups (C⋯O separations of 3.565(4) Å and 3.601 (4) sheets, and further connect the chains into a three-dimensional hydrogen-bonded network. Thermogravimetric analysis shows that both coordinated and guest water molecules may be removed by heating to 100°C (see ESI † for TGA trace). Like compound 2, compound 4 also contains clusters of Zn centres bridged by μ 3 -OH anions (Fig. 4) . The two-dimensional framework of 4 has composition Zn 5 (MeOip) 4 (OH) 2 (H 2 O) 4 ·H 2 O and contains two distinct penta-nuclear Zn 5 (OH) 2 clusters, which are shown in Fig. 4a and b . These clusters are comprised of four Zn centres in a square planar arrangement about a central octahedral Zn centre. In the first cluster (Type 1), centred around Zn(1), the four peripheral Zn centres (Zn (2) and Zn(3)) have a tetrahedral coordination environment consisting of two carboxylate groups from methoxy isophthalate ligands, one hydroxide anion and one water molecule. Zn (2) centres have an additional long interaction of 2.587(3) Å with a second oxygen of one of the carboxylate groups. In the second cluster (Type 2), centred on Zn(4), two of the peripheral Zn centres have a tetrahedral coordination environment (with the same combination of ligands as Zn (2) and Zn(3)) with an additional long interaction between Zn(5) and O(1) of 2.629(4) Å that we deem too long to be a coordination bond, whilst the remaining two have an octahedral environment, in which a third, bidentate carboxylate group is bound to the Zn(6) centre. In all cases, Zn-O distances lie in the range 1.92 to 2.45 Å. Three of the four 5-methoxyisophthalate ligands play essentially the same role, with one carboxylate arm binding to two Zn centres from one Zn 5 cluster (the central Zn centre plus one on the periphery) whilst the second arm binds in a monodentate fashion to one Zn centre on the periphery of an adjacent cluster of the opposite type. These isophthalate ligands connect the Zn 5 clusters into strips that extend parallel to the [−1 0 1] direction (Fig. 4c) . Inside each strip, non-coordinated water molecules are enclathrated in the space between Type 1 and Type 2 Zn 5 clusters, held in place by hydrogen bonds to non-coordinated carboxylate oxygen atoms and μ 3 -OH anions. One arm of the remaining isophthalate ligand also binds in a μ 2 fashion within a Type 2 cluster, but the second carboxylate arm is twisted out of the plane of the phenyl ring −36.88(56)°-such that the second carboxylate oxygen atom can bind to a 
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This journal is © The Royal Society of Chemistry 2015 Zn(6) centre on a neighbouring Type 2 cluster. This connects the strips into sheets that extend parallel to the ac-plane (Fig. 4d) . The Zn 5 clusters lie in the mid-section of the sheets, whilst the methoxy groups of the ligands project outwards from the sheet, giving the sheets a corrugated surface with hydrophobic peaks. The isophthalate ligands are aligned within the sheets such that their phenyl rings are able to participate in offset π-stacking interactions, with close-contact C⋯C separations of 3.50 to 4.00 Å. Sheets pack along the b-axis in such a way that allows the methoxy groups of one sheet to interdigitate with those belonging to the sheets directly above and below (Fig. 4e) . The similar makeup of the two types of cluster leads to some pseudo symmetry within the structure. It is possible to obtain a structural solution in which this higher symmetry is taken into account. The 'higher symmetry' structure has cell lengths a = 7.8173(16) Å, b = 27.317(5) Å, c = 10.203(2) Å, β = 110.7028(10)°. Apart from the re-ordering of the a and c axes, one cell length has been significantly reduced, from 14.9 Å to 7.8 Å. This solution contains only one Zn 5 cluster, however the carboxylate group that cross-links parallel strips is now disordered over two orientations -one where it crosslinks the strips, and one where both oxygen atoms are bound to a single cluster. Given that this disorder is local and does not provide information about the longer range order, the 'lower' symmetry solution has been selected as the correct one. PLATON analysis of the lower symmetry solution does not find additional higher symmetry.
Nitric oxide release from compounds 2 and 4
Of the four compounds prepared as part of this work, compounds 2 and 4 were selected for investigations involving nitric oxide uptake and release as they both contain pendant water molecules that may potentially be removed to produce vacant coordination sites on the Zn centres to which the NO molecules can bind. Thermogravimetric analyses showed that, for both compounds, the preliminary mass loss step had occurred before 200°C under atmospheric pressure and no further mass loss steps occur until approximately 350°C. There was insufficient solid to run a surface area measurement on compound 2 after NO release experiments were conducted, however compound 4 was found to have a BET surface area of 29 m 2 g −1 . The two compounds were dehydrated at 200°C under dynamic vacuum for approximately 16 hours. After cooling, the dehydrated solid was exposed to 1 atm NO for one hour. Typical release plots are shown in Fig. 5 and 6 (further details are included in ESI †). Both compounds show a very small release (∼20 nmol g −1 ) which occurs in one quick burst. This is indicative of nitric oxide interacting with only the surface of the powder and not with the vacant coordination sites generated by dehydration of the compounds. This is approximately 5 orders of magnitude lower than the NO release from Co-or Ni-CPO-27, approximately 6 mmol per gram of loaded material, which have the best release of MOFstored NO known to date. 22 Other MOFs whose nitric oxide storage and release properties have been investigated lie between these two values: HKUST-1 adsorbs approx 3 mmol g −1 , but releases only approx 2 μmol g −1 , 10a and STAM-1 adsorbs approx 600 μmol g −1 .
1a Some variation in the amount of NO released per gram of material is observed, however, this a common occurrence in our experience. Given the very small total amount of NO release (nmol g −1 released by ∼ 12 mg), very small changes in ambient NO at the beginning of the measurements, and the arbitrary collection time have a large knock-on effect. Powder diffraction patterns collected on both compounds after the NO release (see ESI †) show that compound 2 remains virtually unchanged but compound 4 displays a loss of crystallinity which is consistent with significant decomposition of the framework. A summary of the NO release experiments is presented in Tables 1 and 2 . Given the poor NO release observed in these initial tests, further investigations are considered to be unwarranted.
Conclusions
We have prepared 4 novel coordination polymers by adjusting the solvent system of reactions between zinc acetate and 5-methoxy isophthalic acid. In each case, poly-nuclear Zn units are bridged by methoxy isophthalate anions to form 1-, 2-or 3-dimensional coordination polymers. Nitric oxide release experiments on compounds 2 and 4 show very poor release of nitric oxide.
Experimental
General
All reagents were obtained from commercial sources and were used without further purification. 5-Methoxy isophthalic acid was prepared according to literature procedure. 23 NMR data were recorded using automated procedures on a Bruker Avance 
Crystallography
Crystals were coated in a protective oil and mounted on a MiTeGen fibre tip (2) or a Molecular dimensions mounted 0.1 mm litholoop (1, 3 and 4). Data were collected on a Rigaku Mercury2 SCXMini diffractor (λ = 0.71075 Å) or on a Bruker APEXII diffractometer (λ = 0.77490 Å) at station 11.3.1 of the Advanced Light Source. For data collected at beamline 11.3.1, appropriate scattering factors were applied using XDISP. 24 Absorption corrections were applied using multi-scan 25 or numerical methods. 25b Structure solutions were obtained using either SHELXS-97 or SHELXT (beta) and refined by full matrix on F 2 using SHELXL-97. 26 All full occupancy non-hydrogen atoms were refined with anisotropic thermal displacement parameters. Aromatic and aliphatic hydrogen atoms were included at their geometrically estimated positions as were hydrogen atoms bound to μ 3 -OH − anions in compound 4 and non-coordinated carboxylic OH groups. Hydrogen atoms belonging to free or coordinated water molecules were assigned, fixed at a distance of 0.9 Å from the oxygen atom and 1.47 Å from the second hydrogen atom of the water molecule, and their thermal parameters linked to those of the oxygen atom to which they are bound. 14 restraints, R 1 = 0.0497 (for 5859 data I > 2σ(I)), wR 2 = 0.1284 (all 9371 data).
